Background: In recent decades, obesity has become a public health problem in many countries. The objective of this study was to evaluate the main joint and extra-articular manifestations related to spondyloarthritis (SpA) after bariatric surgery (BS) in a retrospective cohort. Methods: Demographic, clinical, laboratory and imaging data from nine patients whose SpA symptoms started after a BS have been described. Modified New York (mNY) criteria for ankylosing spondylitis (AS) and the Assessment of Spondyloarthritis International Society (ASAS) criteria for axial (ax-SpA) and peripheral (p-SpA) spondyloarthritis were applied. Results: The mean weight reduction after BS was 49.3 ± 21.9 kg. The BS techniques were Roux-en-Y gastric bypass (n = 8; 88.9%) and biliopancreatic diversion with duodenal switch (n = 1; 11.1%). Four (44.4%) patients had no axial or peripheral pain complaints before BS, while the other four (44.4%) had sporadic non-inflammatory back pain that had been attributed to obesity. One patient (11.1%) had persistent chronic back pain. In all nine cases, patients reported back pain onset or pattern (intensity or night pain) change after BS (mean time 14.7 ± 18 months). In addition, 8 of them (88.9%) were human leukocyte antigen (HLA)-B27 positive. All nine patients could be classified according to ASAS criteria as ax-SpA and five (55.6%) patients were classified as AS, according to the mNY criteria. Conclusion: Our data highlight a temporal link between SpA onset symptoms and the BS, suggesting a possible causal plausibility between the two events.
1-Spondyloarthritis could arise after surgical
interventions for the treatment of obesity. 2-Microbiota changes may play a key role as trigger in this setting and Human leukocyte antigen (HLA)-B27 could be considered as screening tool before BS.
Background
In recent decades, obesity has become a public health problem in many Western countries related to lifestyle changes, including higher low-nutritional value and high-calorie foods intake, as well as no regular physical activity. These aspects partly explain the increase of bariatric surgeries (BS) rate for treating of morbid obese patients and overweight individuals with comorbidities, because it has provided global benefits, especially for quality of life, self-esteem, control of peripheral insulin resistance and metabolic syndrome. Moreover, it is considered the most effective treatment for obesity, since the non-pharmacological approach, based on lifestyle changes and psychotherapeutic support, as well as drug therapy, has a high recurrence rate of weight gain [1, 2] . BS may cause several neuroendocrine changes, especially those related to the leptin axis, ghrelin, glucagonlike peptide-1 (GLP-1) and other incretins, promoting an early satiety state, weight loss, and better glucose control. However, many complications can occur. In the short-term, these include infections, bleeding, and pulmonary thromboembolism; and in the long-term, they include nutritional deficiencies, anastomotic stenosis, osteoporosis, gallstones and kidney stones [2] .
From an immunological perspective, some immunemediated manifestations related to intestinal bypass (BP) surgeries have been described. These are mainly associated with jejunoileal BP, including arthritis, immune complex glomerulonephritis, cutaneous vasculitis, pericarditis, Raynaud's phenomenon, psoriasis and pyoderma gangrenosum [3] [4] [5] . The Bowel-associated DermatosisArthritis Syndrome (BADAS), described in 1979 by Dicken and Seehafer, is one of the manifestations better associated with intestinal BP [6, 7] . It is characterized by recurrent episodes of fever, polyarthralgia or polyarthritis associated with skin lesions. It has also been described after other types of surgery and intestinal anastomoses, such as Billroth II gastrectomy, biliopancreatic diversion, ileocolic BP, appendectomy, and bariatric surgery with more recent surgical techniques [8, 9] .
The main rheumatic manifestation associated with the jejunoileal BP is arthritis, commonly episodic, migratory, and polyarticular, with a predominantly self-limited course, but sometimes with a chronic evolution similar to rheumatoid arthritis [10, 11] . The axial involvement is less frequent and may be associated with the HLA-B27 positivity [12, 13] . Conversely, obese patients with rheumatoid arthritis or systemic lupus erythematosus may benefit from BS since it contributes to better disease control and dose reduction of immunosuppressants [14, 15] .
The pathophysiology of these immune-mediated manifestations is unknown, although both innate and adaptive immunity are involved. Among the most accepted theories, the intestinal microbiome changes after surgery stand out, such as bacterial overgrowth due to the increase of pH, and the blind loop syndrome. Altogether they could cause alterations of intestinal permeability and bacterial translocation, which would work as a trigger for the intestinal and systemic immune activation through molecular mimicry between peptides from gram-negative bacteria and structures of the synovial membrane and synovio-entheseal complex [16] . Some histopathological studies of the intestinal blind loop from patients with BADAS demonstrated a non-specific chronic inflammatory response [3] .
The objective of this study was to describe patients who underwent BS before onset of spondyloarthritis (SpA) symptoms.
Methods
Among 429 patients from the Spondyloarthritis database from the Rheumatology Division at the Federal University of São Paulo, nine (2.1%) had SpA-onset symptoms after BS from 2010 to 2016. These patients denied any inflammatory back pain (IBP), enthesitis, dactilitis, arthritis or extra-articular manifestations such as uveitis, colitis or psoriasis before being submitted to BS.
Demographic, clinical, laboratory and imaging data from these patients, including plain pelvic radiograph and sacroiliac joint (SIJ) and spine magnetic resonance imaging (MRI), when applicable, are shown. Furthermore, the modified New York (mNY) criteria for ankylosing spondylitis (AS) and the Assessment of Spondyloarthritis International Society (ASAS) criteria for axial (ax-SpA) and peripheral (p-SpA) spondyloarthritis were applied [17] . The first clinical evaluation data were considered to measure disease activity, functional impairment and structural damage measurements, including BASDAI (Bath Ankylosing Spondylitis Disease Activity Index) and ASDAS (Ankylosing Spondylitis Disease Activity Score), BASFI (Bath Ankylosing Spondylitis Functional Index), BASMI (Bath Ankylosing Spondylitis Metrology Index) and mSASSS (modified Stoke Ankylosing Spondylitis Spinal Score) [17] .
Patients signed an Informed Consent Form, and the study was approved by the Ethics Committee of the Federal University of São Paulo (1478/09).
Numerical data were presented as the mean ± standard deviation and categorical variables as percentages. P below 0.05 was set as significant. The Statistical Package for Social Science software (SPSS version 20.0) was used for descriptive analysis.
Results
The demographic and clinical manifestations of these nine patients are described in Table 1 . The mean weight loss after BP surgery was 49.3 ± 21.9 kg. The BS techniques were Roux-en-Y gastric bypass (n = 8; 88.9%) and biliopancreatic diversion with duodenal switch (n = 1; 11.1%).
Four (44.4%) patients had no axial or peripheral pain complaints before BS, while the other four (44.4%) had sporadic non-inflammatory back pain that had been attributed to obesity. One patient (11.1%) had persistent chronic back pain and had been submitted to surgery for spinal stenosis correction (L5-S1 segment). In all nine cases, patients reported back pain onset or pattern (from unspecified or non-inflammatory to IBP, according to the ASAS criteria) or intensity (from mild to moderate or severe) change after BS (mean time of 14.7 ± 18.0 months). In addition to axial manifestation, all of them had calcaneal enthesitis, and more than half had arthritis at the onset of symptoms. In addition, 8 of them (88.9%) were human leukocyte antigen (HLA)-B27 positive.
Regarding extra-articular manifestations, one patient had recurrent anterior uveitis and IBP after 12 months of BS. Another patient had chronic non-specific colitis. One patient had psoriasis, and no cutaneous manifestation suggestive of BADAS was observed in any of them.
Five (55.6%) patients were classified as AS, according to the mNY criteria. The plain pelvic radiograph demonstrated grade II bilateral sacroiliitis in four patients and grade III unilateral in one. The other four patients (44.4%) were classified as non-radiographic axial SpA, according to the ASAS criteria (Table 1) .
At the time of the first clinical evaluation, they had high disease activity according to BASDAI, ASDAS-CRP, with significant function and mobility impairment. After two years, the mSASSS data showed structural spine damage progression, defined as a new syndesmophyte, in 5 patients (Table 2) .
Concerning treatment, all nine patients were taking nonsteroidal anti-inflammatory drugs on demand. Two (22.2%) patients were taking methotrexate and two (22.2%) were on sulfasalazine and other four (44.4%) were taking anti-tumor necrosis factor agents. It was necessary to reverse the BS of one patient due to intensity and refractoriness of axial and peripheral SpA complaints. After that, he had significant clinical improvement but did not reach complete remission.
Discussion
This series of cases highlights the possible temporal link between the onset of symptoms related to SpA and the BS, suggesting a possible causal plausibility between them. Although with a variable time interval, there was a clear temporal relationship between BS and the onset of axial and/or peripheral joint symptoms, as well as extra-articular manifestations in previously asymptomatic patients or patients with vague complaints, such as occasional non-inflammatory non-chronic back pain and that were attributed to overweight and physical inactivity. To the best of our best knowledge, this is the more consistent case series, including sampling and clinical characterization, showing axial SpA after BS with current surgical techniques. Previously, most of the case reports were from patients with arthritis or BADAS, especially after BS using an obsolete and disabsorptive techniques.
Our data suggest that there may be a link between the intestinal microbiome changes (dysbiosis), after BS, and the clinical manifestations related to SpA. Likely, these mechanisms could be associated with HLA-B27 regarding antigen presentation and other innate immunity ways. Recently, it was demonstrated that AS patients had qualitative differences in their intestinal microbiome, including a higher frequency of five families of bacteria (Lachnospiraceae, Ruminococcaceae, Rikenellaceae, Porphyromonadaceae, Bacteroidaceae) and reduction in the abundance of two others (Veilonellaceae and Prevotellaceae) [18] . Although some evidence has demonstrated the role of genetic factors on gut microbiome composition, it is believed that the interaction with the HLA-B27 plays a relevant role, especially by the mis-folding theory or formation of homodimers on the surface of antigen-presenting cells, leading to the induction of immunological pathways, such as IL-23/IL-17 axis. Furthermore, it was shown that there is a relationship between the presence of chronic ileocolic inflammation and increased inflammatory activity on SIJ MRI in patients with AS, emphasizing the close link between gut inflammation and the axial involvement [19] .
Bacterial overgrowth induced by changes in peristalsis, drainage pathways and chemical composition of digestive juices, as well as pH elevation, could be an additional pathophysiological mechanism, but none of the patients showed any clinical evidence of these symptoms, including malaise, fever, hypoglycemia and stool bulk modifications. On the other hand, the dumping phenomenon was common to all.
Additionally, this setting could be the clinical translation of the HLA-B27 transgenic mice models that do not develop the symptoms of joint disease in a germ-free microenvironment [20] . The partial clinical and laboratory improvement of a patient following reversal of BS, as observed by other authors, reinforces this hypothesis [11] .
All nine patients had heel pain at the time of first clinical evaluation. We did not perform any ultrasound or magnetic resonance imaging of this specific entheseal site, because calcaneal enthesopathy is common in obese individuals, and we cannot guarantee that it was associated with inflammatory SpA background or just related to overweight mechanical stress itself.
Considering the HLA-B27 has a crucial role in four theoretical models to explain the pathophysiological aspects related to articular and extra-articular manifestations in SpA experimental models, we could explore that SpA features after BS, where huge microbiota changes can occur, could be more frequent in HLA-B27 positive patients [21, 22] . Interestingly, none of the patients reported any family history of diseases related to the SpA concept. Thus, the HLA-B27 status definition could be to take account by surgeons and patients before making decision for BS choosing. Nonetheless, it is worthy emphasizing that more prospective studies with larger sampling are needed to establish the cause and effect relationship between both conditions. Our study has some limitations, such as the retrospective design and problems inherent to remembering medical complaints, including dates and characteristics of pain and articular and extra-articular manifestations. Secondly, the intestinal microbiome was not evaluated. In contrast, it has other relevant aspects, such as the description of a case series and assessment and detailed characterization of patients over time, demonstrating the possible temporal link between BS and onset of SpA symptoms.
Conclusion
Our data showed SpA could arise after surgical interventions for obesity treatment, especially Roux-en-Y, in patients with genetic susceptibility conferred by the presence of HLA-B27.
